Abstract: Small heat shock proteins (sHSPs) are a class of molecular chaperones that bind to and prevent aggregation of proteins. To assess the potential role of sHSPs in protection against abiotic stresses, we conducted a screening of sHSP genes from the desiccation-tolerant resurrection plant Boea hygrometrica, which is widespread in East Asia in alkaline, calcium-rich limestone crevices. In total, 25 sHSP genes, belonging to six subgroups, were identified from the desiccated leaves of B. hygrometrica. Ten of these genes were cloned and named according to the nomenclature proposed for sHSPs. Transcripts of all these BhsHSPs were detectable in fresh leaves, but only 6 genes were induced after desiccation, and remained high during rehydration. Four of the cytosol-targeted BhsHSP genes were up-regulated under treatments, such as heat, cold, alkaline conditions, high calcium, oxidation, or application of the phytohormone abscisic acid. Together, these results demonstrate that CI and CII sHSPs, especially Bh17.9CI and Bh17.4BCII, are associated with abiotic stresses, and may function in the maintenance of protein stability, aiding in the adaptations to extreme environmental conditions in which B. hygrometrica can survive.
Introduction
Heat shock proteins (HSPs) are a class of molecular chaperones that bind to and prevent aggregation of proteins (Feder & Hofmann 1999; Wang et al. 2004 ). There are five prevalent HSP families in plants: HSP70, HSP60, HSP90, HSP100, and small heat shock proteins (sHSP) (Wang et al. 2004) . sHSPs are HSPs with molecular weights in the range of 15-30 kDa (Waters & Riofiorido 2007) . Proteins of the sHSP family have a common α-crystalline domain (ACD) containing 80-100 amino acid residues located in the C-terminal region (Seo et al. 2006) . Current knowledge of HSP chaperones suggests that sHSPs work with other chaperones to prevent irreversible aggregation of proteins, and resolubilize proteins that have already aggregated (Garrido et al. 2012) . Unlike other HSPs, sHSPs do not require ATP to bind substrate proteins (Mymrikov et al. 2011; Bondino et al. 2012) . sHSPs have a very high capacity for binding denatured substrates, but have to release their still aggregation-prone clients to other downstream chaperones that facilitate folding (Wang et al. 2004; Bondino et al. 2012) .
Plant sHSPs are all encoded by nuclear genes and are classified into eleven subfamilies. Six subfamilies (subfamily CI to CVI) members are localized in the cytosol or nucleus. The other five subfamilies are localized in the chloroplast (subfamily CP), peroxisome (subfamily PX), endoplasmic reticulum (subfamily ER), or mitochondria (subfamily MTI and MTII) (Waters et al. 2008; Waters 2013) . Accumulation of sHSPs can be induced by different environmental stresses, including heat, cold, oxidation, salt, and drought stresses (Löw et al. 2000; Hamilton & Heckathorn 2001; Sun et al. 2002) .
Desiccation tolerance is the ability of plants to 652 Z. Zhang et al.
tolerate an extreme water deficiency and quickly return to a normal living state following rehydration (Dinakar et al. 2012) . The term "resurrection plants" refers to vascular angiosperms that have desiccation tolerant vegetative tissue (Bartels 2005) . Boea hygrometrica is a small, dicotyledonous, homoiochlorophyllous resurrection plant in the family Gesneriaceae . B. hygrometrica is widely spread throughout East Asia, and is often found in shallow crevices of alkaline, calcium-rich limestone (Deng et al. 2003; Jiang et al. 2007 ). Since it can tolerate desiccation to less than 5% relative water content (RWC), and is easy cultivated, B. hygrometrica has been used as a simplified system to investigate the molecular mechanisms of desiccation tolerance among resurrection plants (Wang et al. 2009a,b) . Studies have revealed structural and physiological protective mechanisms for desiccation tolerance in B. hygrometrica and other resurrection angiosperms. For example, cell wall folding and maintenance of proteins and pigment-protein complexes during dehydration have been demonstrated (Deng et al. 2003; Wang et al. 2009a) . Proteomic surveys revealed that over 90% of the detected proteins were either retained or increased in abundance during dehydration and rehydration in B. hygrometrica, suggesting that certain mechanisms exist in this species to prevent protein aggregation and degradation (Jiang et al. 2007) . sHSPs are ubiquitous chaperons that bind to denatured proteins and prompt refolding of these proteins with the aid of other chaperons.
In this study, we describe the identification and cloning of 10 members of the sHSP family from B. hygrometrica and the expression profiles of these sHSP genes in response to various abiotic stresses, including desiccation and rehydration, heat, cold, alkali conditions, high calcium, oxidation, and application of the phytohormone abscisic acid (ABA).
Material and methods
Plant materials and stress treatments Boea hygrometrica plants were cultivated at 50% relative humidity, under a 16 h light/8 h dark cycle, at 25
• C during normal cultivation and stress treatments. B. hygrometrica plants that had reached the six-leaf stage were used for stress treatments. For cold and heat shock treatments, plants were exposed to 4
• C or 37
• C, respectively. For alkaline stress, plants were irrigated with water that was adjusted to pH 9. For high calcium stress, oxidation stress and ABA treatment, plants were irrigated with distilled water containing 20 mM CaCl2, 20 mM methyl viologen (MV) or 100 µM ABA, respectively. Plants irrigated with pure distilled water were used as controls. All plant materials were harvested after 48 h of treatment except plants treated with heat stress, which were harvested after 24 h. For the desiccation and rehydration treatments, freshB. hygrometrica plants (F) were dehydrated by withdrawing water for 5 days (D5) and 14 days (D14), and then rehydrating for 3 days (R).
Identification of BhsHSPs and sequence analysis
To identify the sHSPs in B. hygrometrica (BhsHSPs), the previously obtained 25 contigs annotated as sHSP segments (unpublished data) were subjected to sequence alignment by using the DNAMAN-5.2.2 program to distinguish contigs coding for identical BhsHSPs. Thereafter the contigs were aligned against the GenBank nr database (http://www.ncbi.nlm.nih.gov/genbank), using the BLASTX algorithm (Altschul et al. 1990) , to define their coding sequences and homologous proteins. Amino acid sequence prediction was conducted using the DNAMAN-5.2.2 program. Putative molecular weights and isoelectric point (pI) values were predicted with the online software (http://www.expasy.org/). The subcellular localization of the putative gene products was predicted with the online prediction software (http://ipsort.hgc.jp/ and http://wolfpsort.org/). The homologous sequences of the sHSPs in Arabidopsis were obtained from The Arabidopsis Information Resource (http://www.arabidopsis.org/).
Construction of the phylogenetic tree
The phylogenetic tree was constructed using the neighboujoining method implemented in Clustal-X-1.83 (Larkin et al. 2007) , and viewed using the MEGA-4 software (Tamura et al. 2007 ).
RNA isolation and real-time PCR
Total RNA was isolated from B. hygrometrica leaves using the RNAiso Plus kit (TaKaRa, Japan). Table 1 . The relative expression levels were determined using the relative 2 −∆Ct or 2 −∆∆Ct method (Livak & Schmittgen 2001) . The expression level of each transcript was measured in three independent biological samples with three technical replicates. Statistical significance was determined by Student'st-test (P < 0.05).
Data deposition
Nucleic acid sequences of the BhsHSPs were submitted to the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/) database. Each BhsHSP was given a name (Table 2) , and the accession numbers corresponding to BhsHSPs were KC567294, KC567295, KC567296, KC567297, KC567298, KC567299, KC567300, KC567301, KC567302 and KC567303, respectively.
Results
Cloning of sHSP genes from B. hygrometrica Previously, transcriptomic sequencing was carried out with the aim of exploiting genes that are highly expressed in the dehydrated leaves of B. hygrometrica (Y. Zhu, B. Wang, Z. Zhang & X. Deng, unpublished data). To assess the involvement of sHSPs in dehydration responses and environmental adaptation, genes coding for 
Gene
Forward primer sequence (5'-3') Reverse primer sequence (5'-3')
TTCAGAGTGGGAACAGGACG CGGCTCCATTTGTTTCCAG Fig. 1 . Amino acid sequence alignment of the ACD in sHSPs from Boea hygrometrica and Arabidopsis thaliana. The highly conserved "GVL" residues in the ACD are marked with a line. Heights of gray bars below alignment represent the degree of conservation at each position.
sHSPs were identified from the 25 contigs that were annotated as sHSPs in the transcriptomic data. In total, 10 genes containing full-length coding sequences for sHSPs were identified. Reverse transcription PCR was conducted to amplify these genes, and the products were cloned and sequenced. Sequence analysis revealed that these genes encode proteins with ACD. ACDs contain 80-100 amino acid residues located in the C-terminal region of and is common throughout the sHSP family. In addition to the characteristic ACD, protein BLAST analysis showed that the putative B. hygrometrica sHSPs shared the highest degree of sequence similarity with known sHSPs, indicating that the novel sequences were indeed members of the sHSP family ( Fig. 1 ).
Sequence characterization of BhsHSPs
The characteristics of the deduced amino acid sequences of BhsHSPs are summarized and annotated with homologues from Arabidopsis in Table 2 . The nomenclature proposed for sHSPs (Waters 2008; Waters et al. 2013) was utilized, and the newly identifiedB. hygrometrica genes were named based on our findings after conducting phylogenetic analysis of their corresponding protein sequences (see below). The length of BhsHSPs ranged from 146 to 317 amino acids and the molecular masses ranged from approximately 16 to 36 kDa. The pI values were not conserved among the BhsHSPs. Six BhsHSPs showed acidic pI values (5.71-6.21), while the remaining four exhibited alkaline pI values (7.73-9.30). Among the ten BhsHSPs, two were predicted to localize to organelles. Bh22.5MTI is likely targeted to mitochondria and Bh25.1CP is likely targeted to chloroplasts. The eight others were all predicated to localize to the cytosol (Table 2) .
BhsHSP proteins can be grouped into six subfamilies To classify the BhsHSP proteins further, a phylogenetic tree was constructed, composed of the 10 BhsHSPs and 21 Arabidopsis sHSPs (Fig. 2) . The constructed tree revealed that BhsHSPs could be classified into six distinct subfamilies. Bh16.6CI, Bh17.9CI and Bh18.0CI fell into a branch with Arabidopsis sHSPs of subfamily CI. Bh17.3CII, Bh17.4ACII and Bh17.4BCII were grouped in a cluster with Arabidopsis sHSPs of subfamily CII. Consistent with the subcellular localization predictions, the mitochondria-targeted Bh22.5MTI was grouped with a subfamily with Arabidopsis mitochondrialtargeted sHSP At23.5MTI and At23.6MTI, but not At26.5MTII; the chloroplast-targeted Bh25.1CP was branched with At21CP. Bh18.1 was grouped with an 18.2 kDa uncharacterized HSP20-like chaperone and formed a novel subfamily. Lastly, Bh35.9 formed a second novel subfamily and was grouped with Restricted c NA indicates that the protein is not a member of any of the characterized subfamilies and is currently considered an "orphan" sHSP. Tobacco etch virus Movement 2 (RTM2), an unusual small heat shock-like protein functioning in the specific defence response of Arabidopsis to tobacco etch virus (Cosson et al. 2012) (Fig. 2) . Small HSPs that targeted to ER or PX were not detected in B. hygrometrica in this study. Sequence alignments of sHSPs from B. hygrometrica and Arabidopsis reveal some patterns of sequence conservation. For example, it is clear that BhsHSPs do not share high-level amino acid identity between subfamilies, though the ACD, which is also known as the heat shock domain, is found in all sHSPs (Fig. 1) . It is noteworthy that the "GVL" residues that are conserved across all sHSPs from archaea via bacteria to eukaryotes (Waters et al. 2008 ) are replaced as "GNL" or "DIL" in Bh18.1 and Bh35.9 (Fig. 1) . In addition, highly conserved β-sheets, which have been suggested to be important for oligomerization, are found in the ACD domain and C-terminal extension of the members of subfamilies CI, CII, CP and MTI (Fig. 3) .
Multiple alignments of the amino acid sequences of sHSPs from B. hygrometrica and Arabidopsis also revealed a high diversity of the N-terminal regions across subfamilies, while conserved motifs could be detected within a subfamily (Fig. 3) . In subfamily CI, aWDPF motif was found in the N-terminal region of all members (Fig. 3A) . The DA-AMAATP motif was found in the N-terminal region of all subfamily CII members (Fig. 3B) . Signals for chloroplast and mitochondria localization were found in the N-terminal regions of both CP and MTI subfamily members (Fig. 3C) . In contrast, the C-terminal extensions of the sHSPs from B. hygrometrica and Arabidopsis were quite variable in both length and sequence. A I/VXI/V motif was found in the C-terminal extensions of all members of the following subfamilies: CI/CII/CP/MT (Fig. 3) . Bh35.9, Bh18.1 and their homologues in Arabidopsis, which could not be classified as members of any currently known sHSP subfamily, contained unusually long C-terminal extensions (data not shown).
Expression profiles of BhHSPs during desiccation and rehydration
In an effort to assess the roles of sHSPs in the process of desiccation tolerance in B. hygrometrica, we evaluated the expression patterns of the ten BhsHSPs using real-time PCR. Initially, we analyzed the expression of these sHSPs in leaves, since leaves of resurrection plants are known to exhibit desiccation tolerance. As shown in Fig. 4 , the transcripts of most BhsHSPs were detected in unstressed leaves of B. hygrometrica. Bh17.9CI, Bh17.3CII, Bh17.4BCII and Bh35.9 were the exceptions to this observation, since they were nearly undetectable in untreated leaves. Among the genes constitutively expressed in leaves, Bh16.6CI exhibited the highest expression level followed by Bh18.1. Subsequent analyses examined the expression changes during dehydration and rehydration. The results showed that eight of the BhsHSP genes were up-regulated by at least onefold by the dehydration treatment. Neither Bh25.1CP nor Bh22.5MTI expression was strongly induced by dehydration treatment (Fig. 5) . Among the dehydrationinduced sHSP genes, two (Bh18.0CI and Bh18.1) were induced to the highest levels in an early stage of dehydration (5 days), and six (Bh16.6CI, Bh17.9CI, Bh17.3CII, Bh17.4ACII, Bh17.4BCII, and Bh35.9) were induced to their highest levels in the late stage of dehydration (14 days). High levels of induction by dehydration were found for Bh17.9CI, Bh17.4BCII, Bh18.0CI, and Bh16.6CI. Upon rehydration, the 8 dehydrationinducible BhsHSP genes decreased their expression levels. The expression levels of 5BhsHSP genes were remained higher in rehydrated leaves than those observed in untreated fresh leaves, includingBh16.6CI, Bh17.9CI, Bh18.0CI, Bh17.3CII and Bh17.4ACII. , and a variable C-terminal extension (dotted line). Each predicted β-pleated sheet is labelled with thin lines. The highly conserved "I/VXI/V" residues are marked with inverted arrowheads in the Cterminal extension. The highly conserved "WDPF" residues in the N-terminal in the CI subfamily are marked with an arrowhead. The highly conserved "DA-AMAATP" residues in the N-terminal of the CII subfamily are labelled with dashes. The putative chloroplast transit peptide is boxed with a dark grey line. The putative mitochondria transit peptide is boxed with a grey line. Heights of gray bars below the alignment represent the degree of conservation at each position. Fig. 4 . Expression of the BhsHSP genes in unstressed leaves of B. hygrometrica. The 18S rRNA gene was used as an internal control. Expression levels are represented as relative expression units after normalization to the 18S rRNA internal control using 2 −∆Ct method (Livak & Schmittgen 2001) . The mean expression values and SD values were calculated from the results of three independent biological experiments. Error bars represent 1 standard deviation. Statistical significance was determined with Student's t-test (P < 0.05), and labelled with lowercase letters.
Expression profiles of BhsHSPs during heat, cold, oxidative, alkaline, and high-calcium stresses As B. hygrometrica grows well on calcium-rich, alkaline, rocky crevices in both high latitude and low latitude locations, it is obvious that this plant contains certain physiological mechanisms that provide a capacity to tolerate these stressful conditions. To investigate if sHSP genes conferred tolerance to environmental stresses, we also analyzed the expression of BhsHSPs under other abiotic stresses including heat, cold, alkali, and high calcium concentration. As shown in Fig. 6 , transcripts for Bh17.9CI, Bh17.3CII and Bh17.4BCII were significantly induced by heat treatment at 37
• C (Fig. 6A) ; Bh17.9CI and Bh17.4BCII transcripts showed marked induction by both cold treatment at 4
• C as well as high calcium treatment (Fig. 6B, C) ; Bh18.0CI, Bh17.4BCII, Bh18.1 and Bh35.9 transcripts were significantly induced by alkali treatment (Fig. 6D) ; and Bh17.9CI, Bh18.0CI, and Bh17.4BCII transcripts were induced by MV-mimic oxidative stresses (Fig. 6E ). In contrast, transcripts for none of the BhsHSP were significantly down-regulated by treatment with these abiotic stresses.
Regulation of BhsHSP expression by ABA ABA is an essential hormone signal for plant resistance to various abiotic stress conditions. ABA has been implicated in the induction of desiccation tolerance in resurrection plants (Bartels 2005) . We tested expression of BhsHSPs under ABA treatment in order to explore whether the expression of any of the BhsHSPs is regulated by ABA. The results showed that transcripts of Bh17.9CI were up-regulated 7-fold over basal levels, and transcripts of Bh17.4BCII were up-regulated 4-fold over basal levels by exogenous ABA treatment (Fig. 7) . As such, Bh17.9CI and Bh17.4BCII are likely to be activated via ABA-dependent pathways. Fig. 5 . Expression profiles of the BhsHSP genes during desiccation and rehydration treatments. Total RNA was extracted from leaves of 3-month old B. hygrometrica after desiccation and rehydration treatments and analyzed by real-time PCR. Expression levels are represented as relative expression units after normalization to the 18S rRNA internal control using 2 −∆∆Ct method (Livak & Schmittgen 2001) . The mean expression values and SD values were calculated from the results of three independent biological experiments. Error bars represent 1 standard deviation. Statistical significance was determined with Student's t-test (P < 0.05), and labelled with lowercase letters. Fig. 6 . Expression profiles of the BhsHSP genes in response to heat, cold, oxidative, alkaline and high-calcium stresses. Total RNA was extracted from leaves of 3-month oldB. hygrometrica plants treated with 37 • C (a), 4 • C (b), 20 mM CaCl 2 (c), alkaline (pH 9) (d), and 20 mM MV (e), for 24 h or 48 h, respectively, and analyzed by real-time PCR. Plants irrigated with water were used as controls. Expression levels are represented as relative expression units after normalization to the 18S rRNA internal control using 2 −∆∆Ct method (Livak & Schmittgen 2001) . The mean expression values and SD values were calculated from the results of three independent biological experiments. Error bars represent 1 standard deviation. Statistical significance was determined with Student's t-test (P < 0.05), and labelled with lowercase letters.
Discussion
In this study, ten genes encoding sHSPs of the CI, CII, CP, MTI and uncharacterized subfamilies were identified from the resurrection plant B. hygrometrica. sHSPs of other subfamilies, such as ER, PX, MTII and CIII-CVI were not found in this research. Lack of detection of genes from these subfamilies may result from low levels of expression in dehydrated leaves of B. hygrometrica. The ten sHSPs identified in this study all contain the typical structure of a variable N-terminal region, a common ACD, and a C-terminal extension. ACDs are essential for sHSPs to form a dodecamer double ring, as revealed by the crystal structure of the wheat HSP16.9 (Van Montfort et al. 2001) . As more and more complete plant genome sequences have become available and are analyzed, it has become clear that the ACD has been incorporated into a large number of additional proteins. One of the genes identified in this study, Bh35.9, is likely to encode other functional domains in addition to ACD, given its large molecular mass and long uncharacterized C-terminal region (data not shown).
The N-terminal regions of plant sHSPs are highly diverse across subfamilies. Nevertheless, conserved motifs can still be detected within a particular subfamily (Siddique et al. 2008; Bondino et al. 2012) . Recent studies have indicated that the subfamily-specific motifs in sHSP N-terminal regions are functionally important and crucial for the oligomerization of the proteins and substrate binding (Basha et al. 2006; Jaya et al. 2009; McDonald et al. 2012) . Examples of the domains in Nterminal regions of BhsHSP that are known to have functional homologues include the WD/EPF motif in CI BhsHSPs (Fig. 3A) , and the DA-AMAATP motif in Fig. 7 . Expression profiles of the BhsHSP genes in response to ABA. Total RNA was extracted from leaves of 3-month old B. hygrometrica plants watered with 100 µM ABA for 48 h and analyzed by real-time PCR. Plants irrigated with water were used as controls. Expression levels are represented as relative expression units after normalization to the 18S rRNA internal control using 2 −∆∆Ct method (Livak & Schmittgen 2001) . The mean expression values and SD values were calculated from the results of three independent biological experiments. Error bars represent 1 standard deviation. Statistical significance was determined with Student's t-test (P < 0.05), and labelled with lowercase letters.
CII BhsHSP (Fig. 3B ). These illustrate likely functional diversity across the identified BhsHSP subfamilies. Additionally, the V/IXI/V motif in sHSP C-terminal extensions, which has been proposed to play an important functional role in oligomerization, was also identified in all of the BhsHSPs of the CI, CII, CP, and MTII subfamilies. However, this motif was absent in Bh18.1 or Bh35.9, indicating that these proteins might not oligomerize to form homodimers or heterodimers.
sHSPs are known to play an important role in plant cell responses to abiotic stresses, although sHSPs do not themselves take part in the refolding of non-native proteins (Lee & Vierling 2000; Sun et al. 2012) . In Arabidopsis, the decreased expression level of AtHSP17.4 in a mutant line resulted in a seed desiccation-intolerance phenotype (Wehmeyer & Vierling 2000) . In rice, tolerance to drought stress was found to be enhanced in transgenic rice plants overexpressing sHSP17.7, and transgenic seedlings showing higher expression levels of sHSP17.7 protein could resume growth after resumption of watering (Sato & Yokoya 2008) . Recent findings showed that the sHSPs isolated from Pisum sativum and Synechocystis sp. PCC6803 bind to unfolded proteins under in vitro conditions, and allow for further refolding by HSP70/HSP100 complexes (Mogk et al. 2003) . In the present study, it was found that all BhsHSPs predicted to localize to the cytosol were upregulated during desiccation and rehydration (Fig. 5) , suggesting that BhsHSPs likely function in some capacity in the response to desiccation and rehydration. Although Bh25.1CP and Bh22.5MTI expression was not observed to be responsive to dehydration and rehydration, their transcripts were observed to be constitutively expressed in fresh leaves (Figs 4, 5) , indicating that they may also be involved in the protection of chloroplastic or mitochondrial proteins as pre-existing chaperons for desiccation tolerance. Transcription of BhsHSPs of the CI and CII subfamilies, especially Bh17.9CI and Bh17.4BCII, was also induced by heat, cold, oxidation, and high calcium stresses (Fig. 6 ), indicating that members of both subfamilies play general roles in the adaptation of B. hygrometrica to its habitat. Most sHSPs reported to date are absent in unstressed vegetative tissues, but highly accumulated following heat stress (Lubaretz et al. 2002; Kotak et al. 2007; Waters 2013) . In contrast, most of the BhsHSPs expressed to high levels in fresh untreated leaves (Fig. 4) ; and kept consistent levels in response to heat stress (with the exception of Bh17.9CI, Bh17.3CII, and Bh17.4BCII ). This expression pattern may indicate that B. hygrometrica may employ an "always prepared" approach in coping with heat stress. This is likely an adaptive approach inherited from the tropical ancestors of the Gesneriaceae.
ABA regulates many plant responses to environmental stress. It has been reported that endogenous ABA regulated HSP70 synthesis in the leaves and roots of maize seedlings exposed to drought, heat, and combined drought and heat stress, which implied that ABA may improve plant tolerance to stress by increasing HSP70 expression (Heikkila et al. 1984; Cho et al. 2006; Hu et al. 2009; Ye et al 2012) . Recently, ABA-inducible sHSP genes were also identified in rice and Capsella bursa-pastoris. In our study, among the dehydration-inducible sHSP genes, Bh17.9CI, 17.4ACII, and 17.4BCII increased expression by several folds in response to ABA treatment (Fig. 7) , suggesting that these sHSPs may be expressed during dehydration and contribute to protein stability in both constitutive and induced expression manners, either dependent or independent of ABA. The work in the resurrection plant Craterostigma plantagineum, showing that sHSP-like proteins are expressed constitutively in vegetative tissues but are absent in desiccationintolerant callus tissue of this species, further supported this speculation (Michel et al. 1994; Alamillo et al. 1995) .
In conclusion, sHSP genes that belong to six subfamilies were identified from B. hygrometrica in the present study, and the expression patterns observed for these genes suggest that the sHSPs likely function in a variety of stress responses. We propose that by preventing aggregation of proteins during desiccation, sHSPs, together with other HSPs, are one of the fundamental components of the survival mechanism of resurrection plants. Research on the functional and regulatory aspects, as well as examination of potential interaction with other chaperones, should provide further elucidation of sHSPs functions in the adaptation of B. hygrometrica to desiccation and other stressful factors in its extreme native habitat.
